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(54) OPTICAL COMMUNICATION SYSTEM 

(57)Abstract: 

PURPOSE: To provide the coherent optical communication 
system causing no self phase modulation without decreasing 
the output of an optical amplifier. 
CONSTITUTION: After the modulation for specifying 
amplitude, a passive waveguide type optical limiter is 
arranged in the position immediately after an optical 
amplitude 1. Thus, the fluctuation in amplitude in high power 
can be avoided thereby enabling the self phase modulation to 
be avoided. Resultantly, the output of the optical amplifier 1 
can be increased while avoiding the wave form distortion due 
to the self phase modulation so that the intervals between 
the optical amplifiers as well as between reproduction.relays 
may be lengthened. 
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1-This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated, 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A modulation method in a coherent optical fiber communications system which uses a light 
amplifier Frequency modulation, An optical fiber communications system allotting an optica! limiter to 
at least one output side among an optical transmitter which are amplitude fixed modulation methods, 
such as a phase modulation, and is provided in the system concerned, an optical mailbox amplifier, 
and an optical relay amplifier. 

[Claim 2]The optical fiber communications system according to claim 1 which comprises a passive 
optical waveguide to which said optical limiter performs limiter operation by the nonlinearity of 
coupling efficiency of a linearity portion and a nonlinear portion, 

[Claim 3]The optical fiber communications system according to claim 2 in which said passive optical 
waveguide is an optical fiber type. 

[Claim 4]The optical fiber communications system comprising according to claim 2 or 3: 

A means to detect light leaking of said optical limiter and to feed back a control signal corresponding 

to power of this light leaking to apparatus in front of an optical limiter, 

A means to stabilize input light power to an optical limiter according to said control signal, 

[Claim 5]The optical fiber communications system possessing a means to generate a bias signal 
according to input light power to said optical limiter, and to control saturation power of an optical 
limiter according to this bias signal according to claim 2 or 3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to a coherent optical fiber communications system, and 

relates to the art of preventing the obstacle by a nonlinear phenomenon especially. 

[0002] 

[Description of the Prior Art]In recent years, receiving sensitivity degradation by the nonlinear optical 
phenomena generated in a fiber by the appearance of a practical optical fiber amplifier poses a 
problem. Although it is a phenomenon which happens when light power density of nonlinear optical 
phenomena is very large, there is a phenomenon called self-phase modulation into it (stolen: " — 
Nonlinearity in Fiber Transmission — " — Proceedings of the IEEE, Vol.68 (1980). No. 10, and 
pp1 232-1 236). Since this changes with the strength of the light which the refractive index of an 
optical fiber spreads, it is a phenomenon which a propagation rate changes and the roughness and 
fineness (phase modulation) of a phase generate. As the spectrum of transmission light spreads by 
the usual data modulation, a spectrum spreads also by this phase modulation. Occasionally the 
spreading width also becomes an order of NANOMETORU, although it is dependent on the output and 
transmission distance of an optical fiber amplifier. At this time, receiving sensitivity deteriorates 
greatly by the severe system of a line width demand like coherent optical communication. This 
phenomenon happens also by its own strength, and even when the noise under the influence of other 
lights, for example, the spontaneous emission light which an optical fiber amplifier emits, is overlapped 
on an optical signal, it happens. 

[0003]The method of preventing receiving sensitivity degradation by self-phase modulation by 
coherent optical communication The former, the method (: besides Yamasaki — " — Kerr for 
coherent-lrght-amplification relay transmissions using Phase Noise Canceller — effect compensation 
systems " 1992 electrical-and-electric-equipment information-andHelecommunicatrons 
society spring convention and SB-9-7) of transmitting a pilot carrier is reported. This is the method 
of compensating, after self-phase modulation happens. Therefore, it may be unable to compensate 
depending on the grade of generating of self^phase modulation. 

[0004]In order not to start self-phase modulation, the output of the light amplifier had to be made 
small by shortening distance spread by large power to the extent that self-phase modulation did not 
occur. However, a light amplifier must be used for then transmitting a long distance in large numbers 
at a short interval, and the advantage of using a light amplifier is halved. 
[0005] 

[Problem(s) to be Solved by the Invention]Thus, in the optical fiber communications system in the 
former, in order to prevent receiving sensitivity degradation by self-phase modulation, there is only a 
method of compensating after self-phase modulation generating, or lowering the output of a light 
amplifier, and keeping a nonlinear phenomenon from happening, and the method of preventing 
receiving sensitivity degradation effectively was not proposed. 

[0006]There is a place which it was made in order that this invention might solve such a conventional 
technical problem, and is made into that purpose in providing the coherent optical fiber 
communications system with which self-phase modulation does not happen, without lowering the 
output of a light amplifier. 
[0007] 

[Means for Solving the Problem]In a coherent optical fiber communications system with which a light 



amplifier is used for this invention in order to attain the above-mentioned purpose, Modulation 
methods are amplitude fixed modulation methods, such as frequency modulation and a phase 
modulation, and it is the feature to have allotted an optical limiter to at least one output side among 
an optical transmitter provided in the system concerned, an optical mailbox amplifier, and an optical 
relay amplifier. 
[0008] 

[Function]The input-output behavioral characteristics of the optical limiter used for constituted this 
invention are like drawingjMJike ****. That is, if the light of large power inputs into an optical limiter, 
when outputting, the strong portion of power will hit the ceiling and come out. Self-phase modulation 
is a phenomenon in which the amplitude fluctuation of the strong portion of power causes a phase 
modulation. Therefore, in the modulation method of fixed amplitude, such as PSK by which normal use 
is carried out by coherent optical communication, and FSK, after an optical transmitter output with 
large light amplifier or output power, if it is lost because amplitude fluctuation, such as remains AM 
and light amplifier noise, penetrates an optical limiter, self-phase modulation will not happen. Since 
the optical limiter itself will not make noise if the passive component which consists of a nonlinear 
optical crystal instead of the active device which can have luminescence capability, such as a 
semiconductor laser amplifier, etc. is used as an optical limiter, it is effective in self-phase modulation 
prevention. The passive light limiter can consist of waveguides with both linearity portions and 
nonlinear portions as show drawing 12 the principle. Since the electric field distribution of the 
propagation light of a nonlinear portion changes with the fight intensity of propagation light like 
drawing.!?, coupling efficiency when combining with a linearity portion from a nonlinear portion has 
depended this on the principle of being dependent on light power. At such an optical limiter of 
composition, the input-output behavioral characteristics and saturation power of a limiter can be 
freely designed in the combination of the refractive index of the substance which constitutes a 
waveguide, a nonlinear refractive index, the size of a waveguide, shape, linearity, and nonlinear repeat 
frequency. 

[0009]If the above-mentioned passive optical waveguide is a fiber type, connection with an optical 
fiber amplifier or the optical fiber for transmission becomes easy, coupling loss decreases, and a 
repeating span can be expanded. 

[0010]At the optical limiter of such a principle, since the power cut by limiter operation serves as 
light leaking from a waveguide, the input control power to an optical limiter can be known by detecting 
the power. If the output power of the optical transmitter before an optical limiter or a light amplifier is 
controlled so that the power of the light leaking becomes fixed with a suitable value, it will be lost 
that there are too few outputs of an optical transmitter or a light amplifier, and limiter operation is 
not performed, but amplitude fluctuation remains. It can also be prevented an optical transmitter or a 
light amplifier taking out the power more than needed. 

[001 1] Saturation power of an optical limiter can be made small as the characteristic is shown in 
drawing 13 by irradiating a nonlinear portion with bias light from the exterior, or impressing bias 
voltage. Therefore, in the time of an optical limiter design, saturation power is set as the maximum of 
a control range, if the saturation power is controlled by adding bias, according to the output power of 
optical amplifier, amplitude fluctuation can be removed appropriately, and pliability will be made to a 
design and operation of an optical system. 
[0012] 

[Examp!e]Hereafter, the example of this invention is described based on a drawing. Drawing 1 is the 
light amplifier 1 which is the principal part of the optical 'fiber communications system with which this 
invention was applied, and a lineblock diagram showing the portion of the optical limiter 2. Like a 
graphic display, the optical limiter 2 is allotted immediately after the light amplifier 1. Besides the 
rare-earth-doped-optical-fiber amplifier often used as the light amplifier 1 now, a semiconductor 
laser amplifier may be sufficient The optical limiter 2 is placed without letting an optical fiber pass as 
much as possible after a light amplifier output. 

[001 3]P rawing JLis the example which included this in the coherent optical fiber communications 
system. It is amplified with the light amplifier 1 several times until the light outputted from the 
transmitter 4 is received by a receiver or the regenerative repeater 5, but the optica! limiter 2 is 
allotted immediately after each light amplifier 1. When the light power of a transmitter outputted ray is 
large, the optical limiter 2 is placed also immediately after that 



[00 14] Drawing. 3 is a part of example of this invention, and is an example of composition of the optica! 
(imiter 2. A part of linear channel waveguide 7 has placed and replaced the nonlinear waveguide 8. the 
substance which constitutes a linearity waveguide — inorganic matter and organicity — whichever 
may be sufficient The nonlinear thin film 9 may be attached as a clad on the linear-channel 
waveguide 7 [ike drawing _4. If UV irradiation etc. usually add some operations to it by a linearity 
substance like dracetylene and what becomes nonlinear material will be used, composition like drawing 
5 can be performed If this appearance is used, the difference of mode distribution when input control 
power is small will be small, and a loss will decrease. Like drawing 6 , if the linear part 7 and the non 
linear part 8 are repeated several times, limiter saturation power will become small. 
[001 5] Although the above is the channel waveguide 7, it may be made a fiber type like drawin g 7 
acquiring the same effect. That is, a part of linearity core 12 inserted in linearity clad 14 inside "can be 
transposed to the nonlinear core 13, and it can also be constituted Since processing finer than a 
tabular thing like _drav\rfng. 3 cannot give such a fiber type easily, manufacture becomes a little difficult, 
but the coupling loss with an optical fiber amplifier or the optical fiber for transmission becomes 
smaller than a tabular waveguide. 

[0016]Dra^_in& 8^is a part of example of this invention, and detects the light leaking from the optical 
limiter 2 with the photodetector 15, The detection output is changed to a suitable control signal with 
the light amplifier control device 16 r and it feeds back to the light amplifier 1, and it controls so that 
the light amplifier 1 outputs the input control power to which operation of the optical limiter 2 is 
performed most effectively. By this, the optical limiter 2 can be used now on the optimal conditions. 
[001 7] Drawing 9 and 10 are a part of examples of this invention, they divide the output of the light 
amplifier 1 with the linearity light distributor 17, receive one of these with the photodetector 15, and 
detect the input control power to the optical limiter 2. This is changed into a suitable control signal 
with the optical limiter control device 18, and the source 19 of optical bias light is controlled like 
4^wing_9. Or it is used for controlling the bias voltage of the optical limiter 2 like drawing 1 0 . At this 
time, control is performed so that operation of the optical limiter 2 may be made to be performed 
most effectively or the output power of the optical limiter 2 may fulfill the desired value from the 
whole system. The optical limiter 2 comes to operate under the optimal conditions by this. 
[0018] 

[Effect of the Invention]As explained above, in this invention, the light amplifier is used, and in large 
coherent transmission systems, the incidence power to an optical fiber hangs amplitude fixed 
abnormal conditions on the light transmitted, and allots an optical limiter immediately after a light 
amplifier or an optical transmitter. 

Therefore, change of the optical amplitude leading to self-phase modulation is removable. 
As a result the output of a light amplifier can be enlarged and the light amplifier interval in 
transmission systems can be lengthened. Since the waveform deterioration by self-phase modulation 
is lost, the effect that a regenerative-repeater interval can be lengthened is acquired. 



[Translation done.] 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"{.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing IjThey are a light amplifier which is the principal part of the optical fiber communications 
system with which this invention was applied, and a lineblock diagram showing an optical limiter. 
[Drawing 2]It is a block diagram showing the composition of one example of the optical fiber 
communications system of this invention. 

[Drav^jgL^lIt is an example of composition of an optical limiter, and is the figure with which the 
nonlinear waveguide is incorporated into the linearity waveguide. 

[Drawing 4]It is an example of composition of an optical limiter, and is the figure with which the 
nonlinear thin film is a clad on the linearity waveguide. 

[DrawmgJSHt is an example of composition of an optical limiter, and a part of clad of a linearity 
waveguide is the figure which is nonlinear material. 

[Drawing 6llt is an example of composition of an optical limiter, and is the figure with which the 
nonlinear waveguide is repeatedly incorporated into the linearity waveguide. 

[Draw ingjQlt is a figure showing the example which constituted the optical limiter in the fiber type. 
[Drawing 8]It is an explanatory view showing the example which detects the light leaking of an optical 
limiter and applies feedback control to a light amplifier. 

[Drawing 9] It is an explanatory view showing the example which detects the input control power of an 

optical limiter and controls the saturation power of an optical limiter by bias light. 

^Drawing JO]It is an explanatory view showing the example which detects the input control power of 

an optical limiter and controls the saturation power of an optical limiter by bias voltage. 

LQrJ^fmELUJiit is a figure showing the input-output behavioral characteristics of an optical limiter. 

[Drawing^llllt is an explanatory view showing the principle of an optical limiter. 

[Drawing 13]The input-output behavioral characteristics of an optical limiter are the explanatory 

views showing signs that it changes on the bias, 

[Description of Notations] 

1 Light amplifier 

2 An optical limiter 

3 The optical fiber for transmission 

4 An optical transmitter or a regenerative repeater 

5 A regenerative repeater or an optical receiver 

6 Substrate 

7 Linearity waveguide 

8 Nonlinear waveguide 

9 Nonlinear clad 

10 Linearity clad 

1 1 Nonlinear clad 

12 Linearity core 

13 Nonlinear core 

14 Linearity clad 

15 Photo detector 

16 Light amplifier control device 

1 7 An optical distributor 

18 Optical limiter control device 



1 9 The source of optical bias light 
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